Progress of ITER and JT-60SA Magnet Development in Japan  by Koizumi, N. et al.
  Physics Procedia  58 ( 2014 )  232 – 235 
Available online at www.sciencedirect.com
1875-3892 © 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the ISS 2013 Program Committee
doi: 10.1016/j.phpro.2014.09.063 
ScienceDirect
26th International Symposium on Superconductivity, ISS 2013 
Progress of ITER and JT-60SA Magnet Development in Japan 
N. Koizumia*, Y. Nunoyaa, K. Yoshidaa, P. Barabaschib
aJapan Atomic Energy Agency, 801-1 Mukoyama, Naka, Ibaraki, 311-0193 Japan 
bFusion for Energy, Broader Fusion Development Department, Boltzmannstr 2, Garching, 85748, Germany
Abstract 
Japan Atomic Energy Agency (JAEA), as the Japan Domestic Agency (JADA), has the responsibility to procure 9 ITER toroidal 
field (TF) coils, 19 TF coil (TFC) structures, 25% of the TF conductors and 100% of the central solenoid (CS) conductors in 
ITER and, in addition, CS and equilibrium field (EF) coils including their conductors in JT-60SA, which is being developed as a
satellite facility for ITER. In ITER, more than 90% of TF conductor fabrication was completed and finalization of the 
manufacturing procedure of TF coils is in progress through full-scale trials, such as trial fabrication of dummy double pancakes
(DPs).  In JT-60SA, fabrication of the EF4 coil was completed and the EF5 and EF6 coils are being assembled.   
© 2014 The Authors. Published by Elsevier B.V. 
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Keywords: ITER; JT-60SA; Toroidal field; Central solenoid; Fusion 
1. Introduction 
Nuclear fusion has the potential to play an important role as part of the future of energy without the release of 
carbon dioxide or other greenhouse gases.  Japan is currently engaged in two international projects aimed to progress 
the development of nuclear fusion as an energy source. The first is International Thermonuclear Experimental 
Reactor (ITER) [1], being constructed in France under international collaboration by seven parties: China, EU, India, 
Korea, Japan, Russia and US.  The second is JT-60SA [2]: a joint Japan-Europe project for the construction of a 
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fully superconducting tokamak at the JAEA 
Naka site in Japan.. In both tokamaks 
superconducting magnets are used to confine and 
control plasma for quasi steady state operation  . 
In ITER, the magnet system consists of 18 TF 
coils, 1 CS, 6 poloidal field (PF) coils and 18 
correction coils (CC), as shown in Fig. 1 [3].  
The TF coils are necessary for charged particle 
confinement in the plasma and are operated in a 
steady current.  The CS is used to produce 
inductive fluxes and to induce plasma current.  
The PF coils are used to control the radial 
position equilibrium of plasma, as well as for 
plasma shaping and vertical stability.  The CCs 
are used to correct error field harmonics.   
In ITER, JAEA has the responsibility to 
procure 25% of the TF conductors, 100% of the 
CS conductor, 9 TF coils and all TF coil cases.  The most challenging 
activity is the manufacture of the TF coils.   
The configuration of the JT-60SA magnet system is similar to ITER 
but its size is smaller as seen in Fig. 2.  JAEA has the responsibility to 
manufacture the EF coils and CS in JT-60SA while Europe is 
responsible for the procurement of the TF magnet. 
This paper is mainly concentrate on the status of the development 
and manufacture of the ITER TF coils in Japan.  In addition, the status 
of the JT-60SA magnet manufacture is also reported on briefly.   
2. Development of ITER conductors in Japan 
The TF conductors are Nb3Sn cable-in-conduit conductors (CICC) 
with a S316LN circular jacket.  The CS conductors are Nb3Sn CICC 
with a circle-in-square JK2LB jacket.  TF conductors are being steadily 
manufactured in Japan and 90% of the TF conductors have been fabricated. In addition, JAEA has started to 
fabricate the CS conductors.  The details of these conductors are presented in [3-5].  
3. Development of ITER TF coils in Japan 
The ITER TF coils are composed of a winding pack (WP) with a coil case, which supports huge electromagnetic 
forces in the order of several hundred MNs, as seen in Fig. 3.  The WP consists of 5 internal “regular” double 
pancakes (DPs) and 2 side DPs as shown in Fig. 3.  In each DP, the TF conductor is wound into a D shape and 
embedded in the grooves of a D-shaped radial plate (RP).  The conductor is then surrounded by electrical insulation 
composed of glass tapes, polyimide tapes, and resin, designed and developed to resist to the level of irradiation 
expected during ITER operation.  The WP is then inserted into its respective case and the gap between them WP and 
case is then filled with resin after the case is closure-welded.  The detailed manufacturing procedure of the TF coils 
is explained in [3].     
Prior to manufacture of the first TF coil, sub-scale and full-scale trials were done to qualify the manufacturing 
procedure of the TF coils.  The most critical issue in the TF coil manufacture is the transfer of the heat-treated 
conductors into RP grooves [6].  The required tolerance in conductor length is only ±0.02% to enable the transfer of 
the conductor into grooves of the independently fabricated RP.  However, previous trials have shown that a few 
sources, where errors in conductor and RP groove lengths originate [6], can make the insertion of all 63 conductors  
into their respective RP quite a challenge:     
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1) Error in winding is ±0.01%;  
2) Error in prediction of heat-treated conductor 
elongation or shrinkage is ±0.02%; 
3) Error in manufacture of RP is ±0.01%  
4) Error in dimension measurement of heat-treated 
conductor is ±0.01%, which seems conservative. 
The total error is consequently estimated to be ±0.05%.   
 Following this, new RP manufacturing procedures were 
proposed by EUDA, full final machining of RP grooves [7] 
by JADA, final assembly of RP sub-sections with extra 
length [8] to accommodate the ±0.05% error between the 
RP grooves and the heat-treated conductor lengths.   
3.1. Strategy to succeed in such a challenging transfer  
The full qualification of this challenging transfer can be 
done by actually transferring a full-scale winding to the 
grooves of full-scale RP with the newly proposed method.  
However, this trial makes it difficult to evaluate the 
achieved accuracy of each of winding, prediction of heat 
treatment elongation or shrinkage and RP manufacture.  In 
addition, it will take quite a long time to wait for the 
completion of the transfer of full-scale heat-treated winding 
to RP.  Finding problems at such a late stage is a risk to the 
project.  In light of this, JAEA decided to qualify the 
transfer technology by smaller steps so to anticipate and 
solve any possible problems as early as possible.   
Step 1: A Cu dummy conductor is therefore wound and 
transferred to an existing RP which was made for a 
previous trial.  Note that since this RP is presently 
completed, no adjustment of the RP groove length is 
possible.  From this test, we can confirm not only the 
accuracy of the winding process as well as the dimension 
measurements. 
Step 2: A TF conductor is wound with dimensions 
determined by taking into account elongation or shrinkage 
due to heat treatment, and then heat-treated.  The accuracy 
of the above-mentioned  prediction can be confirmed. 
Step 3: A RP is assembled to enable transfer of the conductor into RP grooves based on the measurement results 
of Step 2.  This is a full qualification of transfer since the accuracy of RP assembly must not be far from 
expectations because this accuracy is mainly determined by mechanical work.  Therefore, it is not necessary to wait 
for full qualification by Step 3 and hence some schedule acceleration may be achievable. 
3.2. Trials for confirmation of transfer feasibility  
Following step 1 in 3.1, full-scale DP winding was done as seen in Fig. 4.  The achieved accuracy of conductor 
length of each turn is -0.006% to +0.008% a.  In addition, a few turn full-scale dummy DP winding was performed 
to confirm the feasibility of transfer in advance as a preliminary qualification of transfer.  Although the number of 
the turns was only 2¼, we could put the conductor into the RP grooves after turn insulation as shown in Fig. 5.   
In parallel, the Step 3 in 3.1 has been started because it takes long time to fabricate the RP itself and, in addition, 
to establish RP manufacturing procedure.  Machining of RP segments was completed and qualification of the 
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Fig. 4 Full-scale dummy DP winding. 
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welding procedure is in progress.   
3.3. Other trials  
Other sub-scale trials were also performed to qualify TF coil manufacturing technologies, such as joint and He 
inlet.  The joint resistance was measured by NIFS to be smaller than 1 n:, which is much smaller than the 
requirement of 3 n:, at 2 T.  He inlet mock-ups could sustain 261,000 cyclic loads of 0.1±0.03% strain at 4 K [9].   
4. JT60-SA magnet procurement 
The magnet system for JT-60SA consists of 18 TF coils, a CS with 4 modules and 6 equilibrium field (EF) coils 
as shown in Fig. 2. These coils generate the field to confine charged particles, drive plasma current inductively, and 
shape the plasma.   
The CS and EF conductors are CIC conductors with circular multistage Nb3Sn and NbTi cables for the CS and 
EF conductors, respectively. 7 out of 28 CS and 35 out of 64 EF conductors were manufactured by March 2013. 
Fabrication of the EF4 coil was completed as seen in Fig.6 and the EF5 and EF6 coils are being assembled and will 
be completed by the end of 2013. EF1, EF2 and EF3 coils will be manufactured from the beginning of 2014 [10].   
TF conductors are NbTi CICC with rectangular SS304L jackets.  More than half of the 121 TF conductors have 
already been fabricated and the winding of coils has recently started with EU with 2 manufacturing lines [10]. 
5. Summary 
Development and procurement of ITER and JT-60SA magnets is progressing smoothly and great enhancements 
of superconducting magnet manufacturing technology are being 
made in Japan.  These successful achievements will contribute 
greatly to the development of fusion reactors throughout the 
world in the present and future. 
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